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INTRODUCTION 

T h i s  s t u d y  o f  l a t e r a l  e r o s i o n  r a t e s  b y  c o m p a r i s o n  o f  a e r i a l  p h o t o g r a p h s  was u n d e r -  

t a k e n  a t  t h e  r e q u e s t  o f  D .  M .  C u l b e r t s o n ,  h y d r a u l i c  e n g i n e e r ,  U.S. G e o l o g i c a l  

S u r v e y ,  M e n l o  P a r k ,  C a l i f . ,  a n d  p r e p a r a t o r y  w o r k  i n  A l a s k a  ( d u r i n g  June  1 - 1 8 ,  1 9 7 1 )  

was done w i t h  t h e  c o o p e r a t i o n  o f  H a r r y  H u l s i n g ,  d i s t r i c t  c h i e f ,  A l a s k a  D i s t r i c t .  

E x a m i n a t i o n  o f  r i v e r  c r o s s i n g s  b e t w e e n  t h e  Yukon R i v e r  a n d  P r u d h o e  Bay was done  b y  

h e l i c o p t e r ,  f o r  t h e  use  o f  w h i c h  I am i n d e b t e d  t o  G i l e s  McDona ld  o f  t h e  B u r e a u  o f  

L a n d  Management .  M o s t  o f  t h e  c r o s s i n g  s i t e s  d e s c r i b e d  h e r e  w e r e  e x a m i n e d  i n  t h e  

f i e l d ,  i n  t o o  b r i e f  a  t i m e  t o  p e r m i t  q u a n t i t a t i v e  measuremen ts  b u t  l o n g  e n o u g h  t o  

b e  o f  much a s s i s t a n c e  i n  i n t e r p r e t a t i o n  o f  t h e  a e r i a l  p h o t o g r a p h s .  L o c a t i o n  o f  t h e  

e a r l i e r  p h o t o g r a p h s  w i t h  r e f e r e n c e  t o  t h e  t e r r a n e  was d i f f i c u l t  b e c a u s e  o f  t h e  

i n a c c u r a c y  o f  e x i s t i n g  i n d e x  s h e e t s ,  b u t  i t  was g r e a t l y  f a c i l i t a t e d  b y  Ray K r i e g  

o f  t h e  R 81 M E n g i n e e r i n g  G e o l o g i c a l  C o n s u l t a n t s  i n  F a i r b a n k s  and  b y  p e r s o n n e l  

o f  t h e  A l y e s k a  P i p e l i n e  Sys tem O f f i c e  i n  Anchorage .  T h i s  r e p o r t  was p r e p a r e d  a t  

W a s h i n g t o n  U n i v e r s i t y  i n  S t .  L o u i s ,  Mo., w i t h  s u p p o r t  b y  R e s e a r c h  G r a n t  8623-EN, 

A i r p h o t o  i n t e r p r e t a t i o n  o f  t h e  f o r m  a n d  b e h a v i o r  o f  a l l u v i a l  r i v e r s ,  f r o m  t h e  

U.S. Army R e s e a r c h  O f f i c e  i n  Durham, N .  C .  



Where t h e  proposed ~ l a s k a n  p i p e l i n e  i s  t o  be b u r i e d  beneath  s t r e a m  c h a n n e l s ,  t h e  
d e s i g n  depth of b u r i a l  s h o u l d  be g r e a t e r  than  t h e  e s t i m a t e d  maximum depth  o f  s c o u r  
i n  t h e  main channel of  t h e  s t r e a m .  How f a r  from t h e  main channel  t h i s  maximum 
depth  of b u r i a l  i s  t o  b e  ma in ta ined  depends on e s t i m a t e s  of t h e  l a t e r a l  r a t e  and 
d i r e c t i o n  of m i g r a t i o n  of t h e  main channel  d u r i n g  t h e  l i f e  of  t h e  p i p e l i n e ,  which 
i s  he re  taken  to  be 30 y e a r s .  Where a  s t r e a m  i s  bo rde red  by a  f l o o d  p l a i n  o r  o t h e r  
low s u r f a c e ,  t h e  depth  of b u r i a l  of t h e  p i p e l i n e  beneath  t h i s  s u r f a c e  depends on 
e s t i m a t e s  of t h e  maximum depth  of s c o u r  t o  be expec ted  d u r i n g  f l o o d s  t h a t  may c o v e r  
t h e  s u r f a c e .  

For  each c r o s s i n g  s i t e ,  t h e  d i s t a n c e  of  l a t e r a l  m i g r a t i o n  by t h e  r i v e r  was measured 
by p r e c i s e  s u p e r p o s i t i o n  and matching of a e r i a l  photographs t a k e n  abou t  20 y e a r s  
a p a r t .  Most of t h e  e a r l i e r  photographs  were taken  i n  1950, b u t  t he  e a r l i e s t  a v a i l -  
a b l e  photographs f o r  two of t h e  c r o s s i n g  s i t e s  (J im and D i e t r i c h  R i v e r s )  were t aken  
i n  1955. All  of t h e  l a t e r  photographs  were t aken  i n  1969. Eros ion  r a t e s  a t  s p e c i f i c  
l o c a l i t i e s  a r e  o b t a i n e d  by d i v i d i n g  t h e  d i s t a n c e  of m i g r a t i o n  by t h e  t ime i n t e r v a l  
between pho tographs .  These r a t e s  canno t  be used f o r  p r e d i c t i o n  of f u t u r e  r a t e s  
because  t h e  20-year  p e r i o d  on which they  a r e  based may n o t  i n c l u d e  a  r e p r e s e n t a t i v e  
number of high f l o w s ,  d u r i n g  which most l a t e r a l  e r o s i o n  o c c u r s .  For most of  t h e  
r i v e r s  a t  o r  n e a r  t h e  c r o s s i n g  s i t e s ,  t h e  f low h i s t o r i e s  a r e  e i t h e r  unknown o r  
i  nadequa te .  N e v e r t h e l e s s ,  t h e  measured r a t e s  of l a t e r a l  e r o s i o n  a r e  t h e  b e s t  
a v a i l a b l e  i n d i c a t i o n  o f  f u t u r e  r a t e s ,  and they  a l s o  g ive  a  good i n d i c a t i o n  of t h e  
s p e c i f i c  l o c a l i t i e s  a l o n g  a  bank where r a p i d  f u t u r e  e r o s i o n  i s  most p r o b a b l e .  



The  r i v e r  c r o s s i n g  s i t e  on  each  a e r i a l  p h o t o g r a p h  was c o p i e d  p h o t o g r a p h i c a l l y  t o  

p r o d u c e  a  35-mm s l i d e .  The A l y e s k a  m o s a i c  was a l s o  c o p i e d ,  b e c a u s e  i t  shows t h e  

l o c a t i o n  o f  t h e  p i p e l i n e  a n d  i t s  s c a l e  i s  c o n t r o l l e d .  Two p r o j e c t o r s ,  m o u n t e d  

s i d e  b y  s i d e  on a  s l i d i n g  t r a c k  a n d  f i t t e d  w i t h  8-cm p r o j e c t i o n  l e n s e s ,  w e r e  u s e d  

t o  p r o j e c t  35-mm s l i d e s  s i m u l t a n e o u s l y  on a r i g i d  s c r e e n .  

F i r s t  t h e  s l i d e  o f  t h e  A l y e s k a  m o s a i c  ( s c a l e  1  :12 ,000 )  was p r o j e c t e d  and t h e  image  

o f  t h e  1969 p h o t o g r a p h  was m a t c h e d  f o r  s c a l e  and  p o s i t i o n  w i t h  t h a t  o f  t h e  m o s a i c ,  

b y  a d j u s t m e n t s  o f  d i s t a n c e ,  t i l t ,  and  r o t a t i o n .  When t h e  t w o  images  were  n e a r l y  

m a t c h e d ,  one o f  t h e  i m a g e s  was c a u s e d  t o  f l i c k e r  by  p a s s i n g  a  c a r d  r a p i d l y  b a c k  

a n d  f o r t h  a c r o s s  t h e  l e n s .  I f  t w o  r e f e r e n c e  p o i n t s  d i d  n o t  p r e c i s e l y  m a t c h ,  t h e i r  

i m a g e s  a p p e a r e d  t o  f l i c k e r  on  t h e  s c r e e n .  When t h e  images w e r e  s a t i s f a c t o r i l y  

m a t c h e d ,  t h e  p i p e l i n e  r o u t e  was t r a c e d  on a  s h e e t  o f  p a p e r  t a p e d  t o  t h e  s c r e e n .  

N e x t  t h e  e a r l i e r  a e r i a l  p h o t o g r a p h  was p r o j e c t e d  i n  p l a c e  o f  t h e  m o s a i c ,  a n d  

m a t c h e d  w i t h  t h e  1969 i m a g e .  The image  o f  t h e  1969 p h o t o g r a p h  was t r a c e d  on t h e  

p a p e r  i n  b l a c k , a n d  t h e  i m a g e  o f  t h e  e a r l i e r  s t r e a m  c o u r s e  was t r a c e d  i n  r e d .  

Where s c a l e  d i s t o r t i o n s  i n  one o r  t h e  o t h e r  o f  t h e  p h o t o g r a p h s  p r e v e n t e d  m a t c h i n g  

o f  t h e  e n t i r e  image,  as was coinmonly t h e  c a s e ,  t h e  o l d e r  image  was m a t c h e d  t o  t h e  

n e w e r  a n d  t r a c e d  f o r  s u c c e s s i v e  s h o r t  segmen ts  o f  t h e  s t r e a m .  Thus t h e  l a t e r a l  

m i g r a t i o n  d i s t a n c e  as t r a c e d  i s  r e l a t i v e l y  a c c u r a t e ,  e v e n  t h o u g h  t h e  l a t e r  p h o t o -  

g r a p h  may b e  somewhat d i s t o r t e d  i n  p l a n i m e t r i c  s c a l e .  

The e r r o r  o f  t h e  l a t e r a l - m i g r a t i o n  d i s t a n c e  as o b t a i n e d  b y  m a t c h i n g  o f  t h e  p h o t o -  

g r a p h s  depends on t h e  o r i g i n a l  s c a l e  and d e f i n i t i o n  o f  t h e  p h o t o g r a p h s ,  t h e  s c a l e  

o f  t h e  p r o j e c t i o n ,  t h e  d e g r e e  o f  s c a l e  d i s t o r t i o n  i n  t h e  p h o t o g r a p h s ,  t h e  number  



and r e l i a b i l i t y  of  r e f e r e n c e  p o i n t s ,  and t h e  c a r e  used i n  matching .  W i t h  c a r e ,  
t h e  images cou ld  be matched on t h e  s c r e e n  t o  t h e  n e a r e s t  0 .05  i n c h .  This  amounts 
t o  an e r r o r  of * 1 2  f e e t  a t  a  p r o j e c t e d  s c a l e  of 1 : 3 , 0 0 0 ,  as  was used f o r  t h e  
Chatanika  R i v e r ,  and an e r r o r  of *40 f e e t  on a  s c a l e  of  1 : 9 , 0 0 0 ,  as  was used f o r  
t h e  Sagavan i rk tok  R ive r .  L a t e r a l  m i g r a t i o n  r a t e s  t e n d  t o  i n c r e a s e  w i t h  t h e  s i z e  
of  t h e  r i v e r ,  s o  t h e  p e r c e n t a g e  e r r o r  remains about  t h e  same. In view of  t h e  
g e n e r a l l y  small  s c a l e  and poor d e f i n i t i o n  of t h e  e a r l i e r  Alaskan a e r i a l  photo-  
g r a p h s ,  t he  e r r o r  could  n o t  under any c i r cums tances  be reduced  below *12 f e e t ,  
and I may be o v e r l y  o p t i m i s t i c  i n  t h i s  e s t i m a t e .  

As t o  t h e  s a f e  depth  of b u r i a l  of t h e  p i p e l i n e  benea th  t h e  f l o o d - p l a i n  and low 
t e r r a c e  s u r f a c e s  a long t h e  r i v e r s ,  t h i s  depends i n  p a r t  on t h e  depth  of  s c o u r  t o  
be expec ted  on t h e s e  s u r f a c e s  d u r i n g  f l o o d s .  Deep s c o u r  on t h e  s u r f a c e s  of  
f l o o d  p l a i n s  o r  low t e r r a c e s  i s  u s u a l l y  a s s o c i a t e d  w i t h  d i v e r s i o n  of t h e  main 
channel  o r  a  s u b s i d i a r y  channel  a c r o s s  t h e s e  s u r f a c e s .  Study of  t h e  Alaskan 
r i v e r s  on a e r i a l  photographs  i n d i c a t e s  t h a t  d i v e r s i o n  of  channe l s  a c r o s s  a  
b o r d e r i n g  s u r f a c e  i s  more p robab le  a l o n g  t h e  meandering r i v e r s  than a long  t h e  
b r a i d e d  r i v e r s ,  f o r  which no example of such d i v e r s i o n  was obse rved .  Along t h e  
meandering r i v e r s ,  channel d i v e r s i o n  occur s  by c h u t e  o r  neck c u t o f f  a c r o s s  an 
i n d i v i d u a l  meander o r ,  as  i n  t h e  c a s e  o f  Hess Creek ,  by c u t o f f  a c r o s s  t h e  neck 
of a  compound meander. In  g e n e r a l ,  both t h e  meandering and t h e  b r a i d e d  r i v e r s  
m i g r a t e  by l a t e r a l  bank e r o s i o n .  However, d i v e r s i o n  of a  channel  a long  t h e  
p i p e l i n e  r o u t e  i s  a  d i s t i n c t  p o s s i b i  l i  t y ,  p a r t i c u l a r l y  where t h e  r o u t e  t r e n d s  
i n  t h e  gene ra l  f low d i r e c t i o n  of t h e  r i v e r .  





GUIDE TO ILLUSTRATIONS 

The meaning of t h e  c o l o r s  and symbols on t h e  maps i s  a s  f o l l o w s :  * F e a t u r e s  shown i n  b l ack :  Apply t o  t h e  p r e s e n t  r i v e r  channel  as t r a c e d  and 
s k e t c h e d  from t h e  1969 pho tographs .  

& F e a t u r e s  shown i n  r e d :  Apply t o  t h e  e a r l i e r  r i v e r  c h a n n e l .  For meandering 
r i v e r s ,  t h e  red  l i n e  a t  t h e  o u t s i d e  of t h e  bend f o l l o w s  t h e  c u t  bank ,  
and t h e  r e d  l i n e  on t h e  i n s i d e  f o l l o w s  t h e  channelward edge of t h e  
p o i n t  b a r .  For b r a i d e d  s t r e a m s ,  t h e  o u t l i n e s  o f  b a r s  and i s l a n d s  were 
t r a c e d  w i t h o u t  d i s t i n c t i o n ,  because  t o o  much d e t a i  1  would confuse  t h e  
diagram. 

---&- Heavy b lack  l i n e :  Proposed p i p e l i n e  r o u t e ,  a s  shown on Alyeska photomosaics  
i s s u e d  e a r l y  i n  1971. 

Dotted p a t t e r n :  Bars  o r  i s l a n d s  b a r e  o r  s p a r s e l y  v e g e t a t e d ,  e f f e c t i v e l y  a  p a r t  
of t h e  d r a i n a g e  c o u r s e .  

-1 v e g e t a t e d  p a t t e r n :  S u r f a c e s  ( f l o o d  p l a i n  and low t e r r a c e s )  b o r d e r i n g  t h e  r i v e r  
t h a t  a r e  c o n s i d e r e d  s u b j e c t  t o  f l o o d i n g  a t  r e c u r r e n c e  i n t e r v a l s  r a n g i n g  
from a b o u t  2 y e a r s  t o  a b o u t  50 y e a r s .  The symbol i s  n o t  i n t e n d e d  t o  
mean t h a t  v e g e t a t i o n  does n o t  grow a t  o t h e r  l o c a l i t i e s  r e p r e s e n t e d  on 
t h e  diagram. 

Dashed p a t t e r n :  T e r r a c e s  and v a l l e y s i d e  s l o p e s  c o n s i d e r e d  n o t  s u b j e c t  t o  f l o o d -  
i n g  o r ,  i n  t h e  c a s e  of lower  t e r r a c e s ,  s u b j e c t  t o  f l o o d i n g  a t  r a r e  
i n t e r v a l  s .  

Red shaded a r e a s :  Areas o f  v e g e t a t e d  f l o o d p l a i n  o r  t e r r a c e  t h a t  have been removed 
by l a t e r a l  e r o s i o n  between t h e  t ime of t h e  e a r l i e s t  and of t h e  l a t e s t  
pho tographs .  



PROPOSED RIVER CROSSINGS 

Lowe River Crossing 

The s o u t h e r n  a p p r o a c h  o f  t h e  p i p e l i n e  t o  t h e  r i v e r  c h a n n e l  i s  down t h e  s t e e p  

s l o p e  o f  t h e  g l a c i a l  t r o u g h  o c c u p i e d  b y  t h e  Lowe R i v e r  a n d  a c r o s s  a  s m a l l  f a n  

made b y  a  h i g h - g r a d i e n t  t r i b u t a r y  t h a t  c o u r s e s  down t h e  v a l l e y  s i d e .  The p r o -  

p o s e d  p i p e l i n e  r o u t e  c r o s s e s  t h e  mouth  o f  t h i s  t r i b u t a r y .  As shown on t h e  map, 

t h e  t r i b u t a r y  c h a n n e l  has  s h i f t e d  on t h e  f a n  b y  a b o u t  100 f e e t  b e t w e e n  1950 and 

1969,  a l t h o u g h  no s h i f t  i s  a p p a r e n t  b e t w e e n  1937 ,  t h e  d a t e  o f  an e a r l i e r  p h o t o -  

g r a p h  made b y  B r a d f o r d  Washburn,  and  1950.  The  f a n  i t s e l f  has b e e n  t r i m m e d  b a c k  

a b o u t  2 5  f e e t  b y  t h e  Lowe R i v e r ,  p r o b a b l y  as a  r e s u l t  o f  t h e  c o n s t r u c t i o n  o f  t h e  

R i c h a r d s o n  H ighway  b r i d g e ,  w h i c h  d i v e r t e d  t h e  c o u r s e  o f  t h e  Lowe t o w a r d  t h e  s o u t h  

s i d e  o f  t h e  v a l l e y .  As t h e  p r e s e n t  r i v e r  c o u r s e  i s  i n  a p p r o x i m a t e  a l i g n m e n t  w i t h  

t h e  b r i d g e  o p e n i n g ,  n o t  much f u r t h e r  c u t t i n g  o f  t h e  f a n  i s  e x p e c t e d  w i t h i n  t h e  

n e x t  few decades .  A l s o ,  f u r t h e r  s i g n i f i c a n t  s h i f t  o f  t h e  d r a i n a g e  c o u r s e  on t h e  

f a n  seems u n l i k e l y ,  as i t  i s  r a t h e r  d e e p l y  e n t r e n c h e d  on t h e  f a n .  I f  t h e  p i p e -  

l i n e  w e r e  s h i f t e d  a  few t e n s  o f  f e e t  downs t ream f r o m  t h e  t r i b u t a r y  mouth ,  t h e  

p o t e n t i a l  f o r  d i s r u p t i o n  b y  t h e  t r i b u t a r y  m i g h t  be  c o m p l e t e l y  e l i m i n a t e d .  



The b r a i d e d  anabranches o f  t h e  Lowe R i v e r  have s h i f t e d -  g e n e r a l l y  t o  t h e  s o u t h  

s i n c e  1950, p r o b a b l y  as a  r e s u l t  o f  c o n s t r u c t i o n  o f  t h e  b r i d g e  and h ighway .  

Some s o u t h e r l y  s h i f t  i s  a l s o  a p p a r e n t  between 1937 and 1.950. The p r e s e n t  b r i d g e  

and h ighway  embankment w i  11 p r o b a b l y  h o l d  t h e  r i v e r  t o  a p p r o x i m a t e l y  i t s  p r e s e n t  

c o u r s e  a t  t h e  p i p e l i n e  c r o s s i n g  f o r  t h e  n e x t  few decades.  

The geomorph ic  e v i d e n c e  sugges ts  t h a t  s c o u r  t o  maximum dep ths  o f  a b o u t  6 f e e t  

w i  11 o c c u r  f rom p l a c e  t o  p l a c e  on t h e  s p a r s e l y  v e g e t a t e d  g r a v e l  f l a t s  n o r t h  o f  

t h e  p r e s e n t  channe l .  T h i s  e s t i m a t e  i s  based  on t h e  s t u d y  o f  abandoned s c o u r  

channe l s .  The bed m a t e r i a l  o f  t h e  Lowe R i v e r  i s  m o d e r a t e l y  coa rse  f o r  A l a s k a n  

r i v e r s ;  i t  ranges  i n  s i z e  f r o m  b o u l d e r s  a b o u t  2 f e e t  i n  d i a m e t e r  t o  s a n d  and 

s i l t ,  w i t h  m a t e r i a l  i n  t h e  p e b b l e  and s m a l l - c o b b l e  s i z e  range  b e i n g  m o s t  abun- 

d a n t .  As t h e  channe ls  a r e  n o t  c o n f i n e d  ( e x c e p t  a t  t h e  b r i d g e  o p e n i n g ) ,  t h e y .  

p r o b a b l y  w i l l  s h i f t  l a t e r a l l y  r a t h e r  t h a n  s c o u r i n g  d e e p l y  a t  any one l o c a l i t y .  

Lowe R i v e r  channe l s  o f  s i g n i f i c a n t  s i z e  a r e  u n l i k e l y  t o  occupy t h e  f o r e s t e d  

a r e a  c r o s s e d  by  t h e  p i p e l i n e  n o r t h  o f  t h e  r i v e r .  I n  t h e  p a s t ,  t h i s  a r e a  has 

been o c c u p i e d  by  channe ls  on t h e  Sheep Creek f a n .  

T e r r a c e s  a t  v a r i o u s  l e v e l s  a l o n g  Lowe R i v e r  i n d i c a t e  t h a t  t h e  r e c e n t  h i s t o r y  o f  

t h e  r i v e r  has been one o f  d e g r a d a t i o n  r a t h e r  t h a n  a g g r a d a t i o n ,  and t h e  r i v e r  i s  

p r o b a b l y  d e g r a d i n g  s l o w l y  a t  p r e s e n t .  S h i f t s  o f  t h e  ma in  channe l  by  l a t e r a l  

bank e r o s i o n  and t h e  abandonment o f  anabranches a r e  t o  be e x p e c t e d  r a t h e r  t h a n  

b y  a b r u p t  changes i n  cou rse  d i r e c t i o n .  





Crossing of Sheep Creek Fan, Adjacent to Lowe River 

Sheep C r e e k  has a  h i s t o r y  o f  f l o o d i n g  r e s u l t i n g  f r o m  t h e  impoundment  and s u b s e -  

q u e n t  r e l e a s e  o f  w a t e r  b y  a  g l a c i e r  a b o u t  4 m i l e s  u p s t r e a m  f r o m  t h e  p i p e l i n e  

c r o s s i n g .  The h i g h w a y  b r i d g e  u p s t r e a m  f r o m  t h e  p i p e l i n e  c r o s s i n g  h a s  been 

r e p l a c e d  s e v e r a l  t i m e s  a n d  t h e  e x i s t i n g  b r i d g e  was c o n s t r u c t e d  a b o u t  1962.  

B r e a k o u t  o f  a  g l a c i e r - d a m m e d  l a k e ,  p r o b a b l y  on June  17 ,  1959,  was a c c o m p a n i e d  

b y  a  s u r g e  o f  r o c k  d e b r i s  t h a t  b u r i e d  a  g r o v e  o f  b a l s a m  p o p l a r  t r e e s  on t h e  f a n  

t o  a  d e p t h  o f  a b o u t  8 f e e t .  (See r e d  c i r c l e  b e n e a t h  t h e  d a t e  " 2 6  Aug. ,  1 9 6 9 "  

on map) .  Subsequen t  s c o u r  b y  t h e  Sheep Creek  c h a n n e l  has  exhumed t h e  t r e e s  t o  

t h e  same l e v e l  a t  w h i c h  t h e y  were  o r i g i n a l l y  g r o w i n g .  S e v e r a l  t r e e s  a r e  s t i  11 

s t a n d i n g  u p r i g h t  i n  t h e  p r e s e n t  c h a n n e l ,  a n d  one o f  t h e s e  has a d v e n t i t i o u s  r o o t s  

m a r k i n g  t h e  l e v e l  t o  w h i c h  i t  was b u r i e d .  I t  i s  a s t o n i s h i n g  t h a t  any  o f  t h e s e  

t r e e s ,  w h i c h  a r e  o n l y  a b o u t  1  f o o t  i n  d i a m e t e r ,  c o u l d  f i r s t  b e  b u r i e d  b y  a  p r e -  

s u m a b l y  h i g h - v e l o c i  t y  f l o o d  and t h e n  be exhumed w i t h o u t  b e i n g  u p r o o t e d  o r  e v e n  

t i l t e d .  

Be tween  1950 and  1969, t h e  c h a n n e l  o f  Sheep C r e e k  s h i f t e d  a b o u t  200 f e e t  a t  a  

p o i n t  j u s t  u p s t r e a m  f r o m  t h e  p r o p o s e d  c r o s s i n g ,  a l t h o u g h  i t  has s h i f t e d  o n l y  

s l i g h t l y  a t  t h e  c r o s s i n g  s i t e .  A t  t h e  c r o s s i n g  s i t e ,  banks o f  t h e  c h a n n e l  a r e  

a b o u t  7  f e e t  h i g h .  F u t u r e  s h i f t s  o f  t h e  c h a n n e l  a r e  d i f f i c u l t  t o  p r e d i c t ,  

p a r t i c u l a r l y  b e c a u s e  t h e  e f f e c t s  o f  g l a c i a l  o u t b r e a k s  a r e  u n c e r t a i n .  A p p a r e n t l y ,  

t h e  e f f e c t s  o f  any o u t b r e a k  i n  t h e  p e r i o d  1950-69 w e r e  d e p o s i t i o n a l  r a t h e r  t h a n  

e r o s i o n a l .  I f  t h e  n e x t  g l a c i a l  o u t b r e a k  s h o u l d  d e p o s i t  d e b r i s  t o  t h e  n o r t h  o f  

t h e  p r e s e n t  c h a n n e l  ( w h i c h  seems l i k e l y ,  as t h i s  a r e a  i s  somewhat l o w e r ) ,  t h e  

m a i n  c h a n n e l  c o u l d  w e l l  b e  d i v e r t e d  t o  t h e  s o u t h  a l o n g  one o f  i t s  p r i o r  c o u r s e s .  

The  Sheep Creek f a n  i s  d i s t i n c t l y  a s y m m e t r i c a l ,  i t s  s o u t h e r l y  g r o w t h  b e i n g  

f a v o r e d  b o t h  b y  t h e  s t e e p  g r a d i e n t  o f  t h e  Lowe R i v e r  t r o u g h  and t h e  o u t b u i l d i n g  

o f  t h e  Wortmanns Creek f a n  on t h e  o p p o s i t e  s i d e  o f  t h e  Lowe R i v e r .  





Tsina River Crossing at Tsaina Lodge 

The c o u r s e  o f  t h e  T s i n a  R i v e r  i s  i n c i s e d  i n t o  t h e  b o t t o m  o f  a  g l a c i a l  t r o u g h  

t h a t  f o l l o w s  t h e  r e g i o n a l  s t r i k e  o f  m e t a m o r p h i c  r o c k s  ( l o w  g r a d e  m i c a  s c h i s t  o r  

p h y l l i t e ) .  J u s t  u p s t r e a m  f r o m  t h e  c r o s s i n g  s i t e ,  t h e  c h a n n e l  c u t s  a b r u p t l y  

a c r o s s  t h e  r e g i o n a l  s t r i k e  f o r  a b o u t  1,500 f e e t ,  t h e n  t u r n s  a b r u p t l y  a g a i n  t o  

f o l l o w  t h e  s t r i k e .  The w e s t e r n  a p p r o a c h  o f  t h e  p i p e l i n e  t o  t h e  c h a n n e l  i s  on  

b e d r o c k  and t h e  e a s t e r n  a p p r o a c h  i s  a c r o s s  a  t e r r a c e ,  w h i c h  s t a n d s  as a  c u t  

bank a b o u t  10 f e e t  h i g h  on t h e  r i g h t  s i d e  o f  t h e  c h a n n e l .  

Owing t o  t h e  p o o r  r e s o l u t i o n  and s m a l l  s c a l e  o f  t h e  1950  p h o t o g r a p h s ,  l a t e r a ' ~  

e r o s i o n  a t  t h e  c r o s s i n g  s i t e  c o u l d  n o t  b e  a c c u r a t e l y  measured.  However,  t h e  

c u t  bank i n  t h e  t e r r a c e  has r e c e d e d  n o  more t h a n  a b o u t  25 f e e t  d u r i n g  t h e  p a s t  

20 y e a r s .  

V e r y  h i g h  competence o f  t h e  s t r e a m  a t  t h e  c r o s s i n g  s i t e  i s  i n d i c a t e d  b o t h  b y  

l a r g e  i m b r i c a t e  b o u l d e r s  i n  t h e  t e r r a c e  f i l l  and b y  t h e  i m b r i c a t e  a r r a n g e m e n t  

o f  s c h i s t  b l o c k s  up t o  5  f e e t  l o n g  i n  a n d  a d j a c e n t  t o  t h e  c h a n n e l .  B e d r o c k  

p r o b a b l y  o c c u r s  b e n e a t h  t h e  c h a n n e l  a t  a  d e p t h  o f  a b o u t  10 f e e t .  T h i s  s h a l l o w  

d e p t h  t o  b e d r o c k  i s  p r e d i c t e d  b e c a u s e  o f  t h e  c l o s e  s p a c i n g  o f  b e d r o c k  o u t c r o p s  

on e i t h e r  s i d e  o f  t h e  c h a n n e l  downs t ream,  w h i c h ,  as m e a s u r e d  o n  t h e  p h o t o g r a p h s ,  

c o n f i n e  t h e  c h a n n e l  t o  a  w i d t h  o f  a b o u t  20 f e e t .  These  d o w n s t r e a m  o u t c r o p s  a r e  

p r e s u m a b l y  c o n t i n u o u s  a t  s h a l l o w  d e p t h ,  and  f o r m  a  l o c a l  b a s e l e v e l  f o r  t h e  

c h a n n e l .  I f  t h a t  i s  s o ,  i t  seems u n l i k e l y  t h a t  t h e  c h a n n e l  u p s t r e a m  a t  t h e  

c r o s s i n g  s i t e  i s  n o t c h e d  t o  any  g r e a t  d e p t h  b e l o w  them. T h e r e  i s  t h u s  a good  

p r o b a b i l i t y  t h a t  t h e  p i p e  c o u l d  b e  s e t  i n  b e d r o c k  a t  t h e  c r o s s i n g  s i t e .  





Tsina River Crossing Near  M i l e  41 

L a t e r a l - s h i f t  measurements o f  t h e  T s i n a  R i v e r  a t  t h i s  c r o s s i n g  s i n c e  1950 have 

l i t t l e  n a t u r a l  s i g n i f i c a n c e ,  because  t h e  r i v e r  has been  d i v e r t e d  b o t h  b y  a  h i g h -  

way embankment and by  s h o r t  l e v e e s .  However, t h e  r i v e r  i s  n o t  p a r t i c u l a r l y  

c o n f i n e d  by  t h e  h ighway  embankment a t  t h e  c r o s s i n g  s i t e  and no deep s c o u r  i s  

e x p e c t e d .  S o u t h  o f  t h e  h ighway ,  t h e  p i p e l i n e  r o u t e  seems t o  b e  p r o t e c t e d  b y  

t h e  h ighway  embankment; and n o r t h  o f  t h e  h ighway ,  n o  p a r t i c u l a r  p r o b l e m s  a r e  

a p p a r e n t .  The ma in  channe l  o f  t h e  r i v e r  w i l l  l i k e l y  s h i f t  t o  t h e  s o u t h ,  t o w a r d  

t h e  h ighway  embankment, b u t  b y  g r a d u a l  l a t e r a l  e r o s i o n  r a t h e r  t h a n  b y  a b r u p t  

r e d i r e c t i o n  o f  i t s  ma in  cou rse .  





Tonsina River Crossing 

The s o u t h e r n  approach o f  t h e  p i p e l i n e  t o  t h e  T o n s i n a  R i v e r  channe l  i s  a c r o s s  a  

wooded s u r f a c e  t h a t  b e a r s  t h e  s c a r s  o f  o l d  c h a n n e l s .  T h i s  s u r f a c e  i s  r e g a r d e d  

as a  l o w  t e r r a c e ,  s u b j e c t  t o  f l o o d i n g  a t  i n f r e q u e n t  i n t e r v a l s  (say ,  on t h e  

o r d e r  o f  50 y e a r s ) ,  b u t  t h e  ma in  channe l  o f  t h e  r i v e r  i s  u n l i k e l y  t o  b e  r e d i r e c -  

t e d  a b r u p t l y  ac ross  i t .  T h i s  s u r f a c e  i s ,  however ,  s u b j e c t  t o  l a t e r a l  e r o s i o n  

and a t  t h e  c r o s s i n g  s i t e  t h e  r i v e r  has t r i m m e d  i t  back f o r  a  maximum d i s t a n c e  

o f  a b o u t  125 f e e t  d u r i n g  t h e  p a s t  20 y e a r s .  P a r t  o f  t h i s  r emova l  t o o k  p l a c e  b y  

t h e  r e o c c u p a t i o n  o f  a  s i d e  channe l ,  and t h e  e r o s i o n  r a t e  o f  a b o u t  5  f e e t  p e r  . 

y e a r  i s  c o n s i d e r e d  t o o  l a r g e  t o  be  p r o j e c t e d  i n t o  t h e  f u t u r e .  N e v e r t h e l e s s ,  

t h e  c r o s s i n g  s i t e  i s  now on  t h e  o u t s i d e  o f  a  bend,  and an e r o s i o n  r a t e  o f  2  f e e t  

p e r  y e a r  w o u l d  n o t  be  an e x c e s s i v e  e s t i m a t e .  The n o r t h e r n  app roach  t o  t h e  

channe l  i s  ac ross  a  l a r g e  g r a v e l  b a r ,  m o s t l y  v e g e t a t e d  and u n l i k e l y  t o  b e  e i t h e r  

e r o d e d  l a t e r a l l y  o r  t h e  s i t e  o f  t h e  main  c h a n n e l  f o r  t h e  n e x t  few decades.  





Klutina River Crossing 

The s o u t h e r n  approach o f  t h e  p i p e l i n e  t o  t h e  K l u t i n a  River  channel  i s  a c r o s s  a  
s e r i e s  of poor ly  d e f i n e d  low s u r f a c e s ,  some marked by o l d  meander s c a r s ,  which 
i n d i c a t e  t h a t  t h e  r e c e n t  h i s t o r y  of  t h e  r i v e r  has b e e n w n e  of  con t inuous  slow 
d e g r a d a t i o n .  Areas f l o o d e d  a t  i n t e r v a l s  o f  2 - 3  y e a r s  appea r  t o  be c o n f i n e d  t o  
a  narrow s t r i p  a long t h e  r i v e r .  As examined i n  t h e  f i e l d ,  t h e  channel  has an 
a s p e c t  of s t a b i l i t y  and no s i g n i f i c a n t  amount of l a t e r a l  e r o s i o n  o c c u r r e d  
between 1948 and 1969. The most d i f f i c u l t  e n g i n e e r i n g  problem i n  approach ing  
t h e  K l u t i n a  seems t o  l i e  i n  t h e  method o f  descend ing  t h e  s t e e p  t e r r a c e  f a c e  t h a t  
b o r d e r s  t h e  r i v e r  on t h e  n o r t h .  One s u g g e s t e d  approach i n v o l v e s  t h e  l a r g e  
r a v i n e  jus t  downstream from t h e  proposed c r o s s i n g .  I t  may be  p e r t i n e n t  t o  n o t e  
t h a t  t h i s  r a v i n e  i s  n o t  a  r a p i d l y  e r o d i n g  f e a t u r e ,  as  i t  shows no s i g n i f i c a n t  
change between 1948 and 1969. 





Tazlina River Meander 

A  l a r g e  meander ,  l o c a t e d  a b o u t  10,000 f e e t  downs t ream f r o m  t h e  c r o s s i n g  s i t e ,  i s  

a p p r o a c h i n g  t h e  c u t o f f  s t a g e  and  q u e s t i o n s  have  b e e n  r a i s e d  as t o  t h e  s c o u r  a t  t h e  

c r o s s i n g  s i t e  t h a t  w o u l d  r e s u l t  f rom c u t o f f  o f  t h e  meander.  The  r i v e r  c o u r s e  w o u l d  

be s h o r t e n e d  8,500 f e e t  b y  t h e  c u t o f f ,  w h i c h  amounts t o  a b o u t  25  f e e t  o f  f a l l .  

When t h e  e r o s i o n a l  r e m n a n t  a t  t h e  meander neck  i s  e x a m i n e d  b y  c a s u a l  c o m p a r i s o n  

o f  t h e  1949 a n d  1969 a e r i a l  p h o t o g r a p h s ,  l i t t l e  change i s  seen .  However ,  v e r y  

c a r e f u l  c o m p a r i s o n  o f  t h e  p h o t o g r a p h s  a t  g r e a t l y  e n l a r g e d  s c a l e  shows t h a t ,  

downs t ream f r o m  t h e  n a r r o w e s t  p a r t  o f  t h e  n e c k ,  t h e  r e m n a n t  h a s  been  s u b s t a n -  

t i a l l y  r e d u c e d  by a b o u t  150 f e e t  o f  l a t e r a l  e r o s i o n .  The p o i n t  o f  maximum 

l a t e r a l  e r o s i o n  has s h i f t e d  downs t ream f r o m  t h e  n a r r o w e s t  p a r t  o f  t h e  n e c k ,  where  

c u t o f f  i s  m o s t  i m m i n e n t ,  b u t  a  b e n d  i s  i m p i n g i n g  d i r e c t l y  a g a i n s t  t h e  r e m n a n t  on 

i t s  o p p o s i t e  s i d e .  The  r e m n a n t  does n o t  c o n s i s t  o f  c o n s o l i d a t e d  b e d r o c k ,  b u t  o f  

u n c o n s o l i d a t e d  t e r r a c e  fi 11.  When a l l  f a c t o r s  a r e  c o n s i d e r e d ,  t h e  p r o b a b i l i t i e s  

a r e  b e t t e r  t h a n  even t h a t  t h e  b e n d  w i l l  b e  c u t  o f f  w i t h i n  t h e  n e x t  f ew  decades .  

However,  c u t o f f  o f  t h e  b e n d  w i l l  n o t  n e c e s s a r i l y  r e s u l t  i n  d r a s t i c  s c o u r  a t  t h e  

c r o s s i n g  s i t e .  The b e d l o a d  o f  t h e  r i v e r  i n c l u d e s  a b u n d a n t  c o b b l e s  a n d  b o u l d e r s  

a n d  i t s  g r a d i e n t  i s  i n  any case  n o t  smoo th .  C u t o f f s  a r e  common a l o n g  m e a n d e r i n g  

A l a s k a n  r i v e r s ,  b u t  n o  e v i d e n c e  o f  d r a s t i c  s c o u r  ( a s  i n d i c a t e d  b y  i n c r e a s e  i n  

bank h e i g h t )  can b e  o b s e r v e d  i n  t h e  f i e l d .  F o r  examp le ,  on Hess C r e e k  u p s t r e a m  

f r o m  t h e  c r o s s i n g  s i t e ,  a  c u t o f f  ( w h i c h  p r o b a b l y  t o o k  p l a c e  i n  1967)  s h o r t e n e d  

t h e  r i v e r  c o u r s e  b y  5,350 f e e t .  The r i v e r  m e r e l y  w i d e n e d  i t s  c h a n n e l  downs t ream 

f rom t h e  c u t o f f  and no change i n  bank h e i g h t  c o u l d  b e  o b s e r v e d .  I n  g e n e r a l ,  i t  

seems t h a t  t h e  s t e p  i n  g r a d i e n t  due t o  t h e  c u t o f f  i s  d i s t r i b u t e d  o v e r  a  s h o r t  

d i s t a n c e  u p s t r e a m  and downs t ream f r o m  t h e  c u t o f f  a n d  p a r t  o f  t h e  e x c e s s  e n e r g y  

i s  a b s o r b e d  b y  c h a n n e l  w i d e n i n g .  Pe rhaps  5  f e e t  o f  s c o u r  m i g h t  b e  e x p e c t e d  a t  

t h e  T a z l i n a  c r o s s i n g  s i t e  as a  r e s u l t  o f  t h e  c u t o f f .  





Gulkana River Crossing Near  Sourdough 

As with most Alaskan r i v e r s  along the p ipe l ine  route ,  the low t e r r a c e s  t h a t  
border the G u l k a n a  River ind ica te  t h a t  i t  i s  a  slowly degrading stream and t h a t  

i t s  f lood plain i s  confined t o  a narrow s t r i p  along the r i v e r .  Lateral  erosion 
has  been low t o  moderate, amounting t o  a maximum of  a b o u t  100 f e e t  (1949-69) a t  
the apex of a bend upstream from the crossing s i t e .  No s i g n i f i c a n t  amount of  

l a t e r a l  erosion was discerned a t  the crossing s i t e ,  b u t  a cutoff  i s  imminent a t  
the next meander upstream, where the meander neck was reduced from a width of 
200 f e e t  in 1949 t o  a width o f  120 f e e t  in 1969. Field examination a t  h i g h  

r i v e r  s tage on June 7 ,  1971, indicated t h a t  erosion i s  proceeding rapidly a t  
t h i s  meander neck, a n d  i t  wi l l  probably be c u t  o f f  within the next  few decades. 

Cutoff wi l l  shorten the r i v e r  course by a b o u t  2,500 f e e t ,  a n d  several  f e e t  of 
scour wi l l  occur a t  the crossing s i t e .  The new channel made by cutoff  would 
impinge d i r e c t l y  agains t  the  r i g h t  b a n k  upstream from the  crossing point a n d  the 
r e s u l t i n g  rapid b a n k  erosion w o u l d  probably extend downstream t o  the crossing.  





Salcha River Crossing 

The S a l c h a  R i v e r  c r o s s i n g  s i t e  i s  a t  t h e  apex o f  a  l a r g e  meander bend  where t h e  

concave bank m i g r a t e d  l a t e r a l l y  a b o u t  225  f e e t  d u r i n g  t h e  p e r i o d  1950-69.  The 

n e x t  bend  upst ream,  w h i c h  i s  somewhat n a r r o w ,  m i g r a t e d  a b o u t  300 f e e t  d u r i n g  

t h i s  same p e r i o d .  I n  t h e  n e x t  few decades,  t h e  bend a t  t h e  c r o s s i n g  can b e  

e x p e c t e d  t o  c o n t i n u e  i t s  l a t e r a l  m i g r a t i o n  a t  a  r a t e  s i m i l a r  t o  t h a t  o f  t h e  

p a s t .  The s u r f a c e  c r o s s e d  by  t h e  p i p e l i n e  on t h e  convex  s i d e  o f  t h e  bend i s  

s u b j e c t  t o  f l o o d i n g  b u t  n o t  t o  s i g n i f i c a n t  s c o u r  because  c u t o f f  o f  t h e  ma in  

channe l  a c r o s s  t h i s  s u r f a c e  seems u n l i k e l y .  





Chatanika River Crossing 

A f t e r  d e s c e n d i n g  t h e  g e n t l y  s l o p i n g  v a l l e y  s i d e s  o f  t h e  C h a t a n i k a  R i v e r ,  t h e  

p i p e l i n e  r o u t e  c r o s s e s  a  v a l l e y  f l o o r  t h a t  i s  n e a r l y  f l a t  b u t  n o t  a l l  o f  w h i c h  i s  

r e g a r d e d  as f l o o d  p l a i n .  The o u t e r  edges o f  t h e  v a l l e y  f l a t  a r e  m a n t l e d  w i t h  

c o l l u v i u m  a n d  t h e  f l o o d  p l a i n  i t s e l f  seems c o n f i n e d  t o  t h e  meander  b e l t ,  as m a r k e d  

b y  t h e  meanders  t h e m s e l v e s  and  b y  many oxbow l a k e s .  The l a t e r a l  m i g r a t i o n  r a t e  o f  

t h e  c h a n n e l  was r a t h e r  l o w  f o r  t h e  p e r i o d  1951-69,  r e a c h i n g  a  maximum o f  a b o u t  

100 f e e t  a t  t h e  apex o f  a  n a r r o w  bend .  A b o u t  25 f e e t  o f  l a t e r a l  e r o s i o n  o c c u r r e d  

d u r i n g  t h i s  p e r i o d  a t  t h e  c r o s s i n g  s i t e ,  b u t  a  somewhat h i g h e r  r a t e  t h e r e  may b e  

e x p e c t e d  i n  t h e  f u t u r e .  An i n c i p i e n t  p o i n t  b a r  has  d e v e l o p e d  on t h e  n o r t h  bank 

a t  t h e  c r o s s i n g  s i t e ,  and  a  new b e n d  a p p e a r s  t o  b e  i n  p r o c e s s  o f  d e v e l o p m e n t  t h e r e .  

The b a n k s ,  w h i c h  a r e  composed m a i n l y  o f  s i l t y  s a n d  a n d  a r e  a b o u t  6 f e e t  h i g h ,  a r e  

b o r d e r e d  f r o m  p l a c e  t o  p l a c e  b y  b a r e l y  v i s i b l e  f i s s u r e s  a t  d i s t a n c e s  r a n g i n g  f r o m  

a  few f e e t  t o  a b o u t  10 f e e t  f r o m  t h e  edge o f  t h e  b a n k .  The f i s s u r e s  a p p a r e n t l y  

mark t h e  edges of b l o c k s  t h a t  h a v e  s l u m p e d  downward a  f o o t  o r  s o  t o w a r d  t h e  r i v e r .  

S i m i l a r  s l u m p  b l o c k s  a l o n g  t h e  b a n k s  were  n o t e d  a t  t h e  K a n u t i  R i v e r  and  a t  t h e  

L i t t l e  T o n s i n a ,  and t h e y  a r e  t e n t a t i v e l y  a t t r i b u t e d  t o  t h e  u n d e r c u t t i n g  o f  f r o z e n  

s i  1  t y  b a n k s .  Obv i  ous l y  , t h e  s t a b i  1  i t y  o f  f r o z e n  s i  1  t b a n k s - - a s  compared  w i  t h  

banks  o f  t h a w e d  g r a v e l  - - i s  l i k e l y  t o  b e  a d v e r s e l y  a f f e c t e d  b y  i n s t a l l a t i o n  o f  t h e  

p i p e l i n e ,  a n d  some means o f  bank  p r o t e c t i o n  w i l l  b e  n e c e s s a r y  t o  p r e v e n t  r a p i d  

1  a t e r a l  e r o s i  on.  





Hess Creek Crossing 

The f l o o d  p l a i n  o f  Hess Creek i s  r o u g h l y  d e f i n e d  b y  i t s  meander b e l t  and i n c l u d e s  

most o f  t h e  v a l l e y  f l a t  c r o s s e d  b y  t h e  p i p e l i n e  r o u t e .  L a t e r a l  e r o s i o n  r a t e s  f o r  

t h e  p e r i o d  1951-69 were g e n e r a l l y  s m a l l  and were  i n s i g n i f i c a n t  a t  t h e  c r o s s i n g  

s i t e .  As shown on t h e  map, a  s u b s t a n t i a l  c h a n n e l  c u t o f f  has r e c e n t l y  ( p r o b a b l y  

i n  1967)  o c c u r r e d  ups t ream f r o m  t h e  c r o s s i n g  s i t e ;  no o t h e r  c u t o f f s  a r e  i m m i n e n t  

i n  t h e  g e n e r a l  v i c i n i t y .  Where examined, t h e  banks  a r e  a b o u t  7 f e e t  h i g h  and 

c o n s i s t  o f  medi um t o  f i n e  g r a v e l  o v e r l a i n  by  a  f o o t  o r  two  o f  s i l t y  sand. These 

g r a v e l l y  banks a r e  l e s s  p r o n e  t o  i n s t a b i l i t y  r e s u l t i n g  f r o m  i n s t a l l a t i o n  o f  t h e  

p i p e l i n e  t h a n  a r e  t h e  f i n e r - g r a i n e d  banks a l o n g  such  s t reams as t h e  C h a t a n i k a ,  

b u t  some means o f  bank p r o t e c t i o n  w i l l  be needed t o  p r e v e n t  r a p i d  l a t e r a l  e r o s i o n .  





Jim River Crossing 

The p i p e l i n e  approach on both  s i d e s  of t h e  proposed  r i v e r  c r o s s i n g  i s  a c r o s s  a  
s u r f a c e  t h a t  bea r s  t h e  a r c u a t e  s c a r s  of abandoned channe l s  and i s  wooded, p a r -  
t i c u l a r l y  on t h e  wes tern  s i d e ,  wi th  mature f i r s .  S e v e r a l  minor l e v e l s  a r e  
d i s t i n g u i s h a b l e  on t h i s  s u r f a c e ,  ranging  i n  h e i g h t  from abou t  5  f e e t  above t h e  
r i v e r  t o  perhaps 1 2  f e e t ;  and t h e s e  a r e  r e g a r d e d  as a  s e r i e s  of  low t e r r a c e s  
formed as  t h e  r i v e r  s l o w l y  degrades  i t s  c h a n n e l .  The f l o o d  p l a i n  of t h e  r i v e r  
c o n s i s t s  of  a  narrow s t r i p  s p a r s e l y  v e g e t a t e d  w i t h  b i r c h ,  balsam p o p l a r ,  and 
s h r u b s ,  and o c c u r r i n g  ma in ly  on t h e  landward edge of p o i n t  b a r s .  As exposed 
on p o i n t  b a r s ,  t h e  bed load  of t h e  r i v e r  c o n s i s t s  mainly of c o b b l e s  and smal l  
b o u l d e r s ;  t h e  exposed banks c o n s i s t  mainly o f  c o a r s e  g r a v e l  o v e r l a i n  by f o r e s t  
mat. 

Upstream from t h e  c r o s s i n g  s i t e ,  t h e  r i v e r  has  developed a  new, r a t h e r  s h a r p  
meander bend s i n c e  1955 ( d a t e  of t h e  e a r l i e s t  a v a i l a b l e  a e r i a l  pho tographs )  
t h a t  has mig ra ted  l a t e r a l l y  abou t  125 f e e t  i n  t h e  d i r e c t i o n  of t h e  proposed 
p i p e l i n e  approach .  L a t e r a l  m i g r a t i o n  a t  a  s i m i l a r  r a t e  i n  t h e  f u t u r e  can be 

e x p e c t e d ,  and i t  i s  a p p a r e n t  t h a t  abou t  500 f e e t  of t h e  p i p e l i n e  would be  i n  

j e o p a r d y .  Bank s t a b i l i z a t i o n  by t h e  use of l a r g e  r i p r a p  would d o u b t l e s s  reduce 
t h e  r a t e  of l a t e r a l  m i g r a t i o n ,  b u t  t h e  o p t i o n  of moving t h e  c r o s s i n g  s i t e  s h o u l d  
be c o n s i d e r e d .  





Dietrich River Crossing at Koyukuk River Confluence 

The D i e t r i c h  R i v e r  a t  t h i s  l o c a l i t y  o c c u p i e s  t h e  f l o o r  o f  a  g l a c i a l  t r o u g h  on 

t h e  s o u t h  s l o p e  o f  t h e  B r o o k s  Range. J u s t  downs t ream f r o m  t h e  c r o s s i n g  s i t e  i s  

t h e  c o n f l u e n c e  o f  t h e  B e t t l e s  R i v e r ,  b e l o w  w h i c h  t h e  c o m b i n e d  r i v e r s  a r e  c a l l e d  

t h e  M i d d l e  F o r k  o f  t h e  Koyukuk .  A l l  t h r e e  r i v e r s  a r e  b o r d e r e d  f r o m  p l a c e  t o  

p l a c e  b y  r e m n a n t s  o f  l o w  t e r r a c e s  a t  d i f f e r e n t  e l e v a t i o n s ,  w h i c h  i n d i c a t e s  t h a t  

t h e  r e c e n t  h i s t o r y  has been  one o f  d e g r a d a t i o n .  The f l o o d  p l a i n  i s  d i f f i c u l t  

t o  d i s t i n g u i s h  f r o m  l o w  t e r r a c e  s u r f a c e s ,  b u t  i t  i s  p r o b a b l y  c o n f i n e d  t o  a  

n a r r o w  s t r i p  a l o n g  t h e  r i v e r .  The D i e t r i c h  R i v e r  was n o t  o b s e r v e d  i n  t h e  f i e l d  

a t  t h i s  c r o s s i n g ,  a1 t h o u g h  i t  was o b s e r v e d  a t  a  p o i n t  a  few  m i l e s  u p s t r e a m .  

The banks  and b e d  m a t e r i a l ,  where  o b s e r v e d ,  a r e  m a i n l y  o f  c o a r s e  g r a v e l .  

E x c e p t  f o r  p r o n o u n c e d  l a t e r a l  c u t t i n g  a t  a  few l o c a l i t i e s ,  t h e  r i v e r  c o u r s e  

showed l i t t l e  change b e t w e e n  1955 ( d a t e  o f  t h e  e a r l i e s t  a v a i  l a b l e  p h o t o g r a p h s )  

and  1969.  No bank  e r o s i o n  was d i s c e r n e d  a t  t h e  c r o s s i n g  s i t e  b u t  a b o u t  4,000 

f e e t  downst ream,  where  t h e  p r o p o s e d  p i p e l i n e  r o u t e  b o r d e r s  t h e  M i d d l e  F o r k  o f  

t h e  Koyukuk,  t h e  r i v e r  bank  has m i g r a t e d  a b o u t  200 f e e t  i n  t h e  d i r e c t i o n  o f  t h e  

r o u t e .  A p p a r e n t l y ,  t h e  r i v e r  has b e e n  m i g r a t i n g  i n  t h a t  d i r e c t i o n  d u r i n g  t h e  

l a s t  15 y e a r s ;  a n d  i f  m i g r a t i o n  c o n t i n u e s ,  t h e  r i v e r  w o u l d  u n d e r c u t  s e v e r a l  

h u n d r e d  f e e t  o f  t h e  p i p e l i n e  u n l e s s  i t  were  b u r i e d  b e l o w  t h e  d e p t h  o f  s c o u r .  





Sagavanirktok River Crossing Near  Sagwon 

The w e s t e r n  approach o f  t h e  p i p e l i n e  r o u t e  t o  t h e  r i v e r  channe l  i s  a c r o s s  a  

n e a r l y  f l a t  s u r f a c e  t h a t  can be  r e g a r d e d  e i t h e r  as a  f l o o d  p l a i n  o r  a  l o w  

t e r r a c e ,  b u t  t h e  e x i s t e n c e  o f  a  f a i r l y  r e c e n t ,  abandoned channe l  on t h e  s u r f a c e  

i n d i c a t e s  t h a t  i t  i s  s u b j e c t  t o  f l o o d i n g .  D i v e r s i o n  o f  t h e  ma in  c h a n n e l  a c r o s s  

t h i s  s u r f a c e  w i t h i n  t h e  n e x t  few decades i s  n o t  v e r y  p r o b a b l e ,  a l t h o u g h  i t  i s  

s u b j e c t  t o  l a t e r a l  e r o s i o n .  D u r i n g  t h e  p e r i o d  1949-69,  l a t e r a l  e r o s i o n - - a m o u n t -  

i n g  t o  a  maximum o f  a b o u t  300 f e e t - - h a s  o c c u r r e d  m a i n l y  on t h e  o p p o s i t e  ( e a s t e r n )  

s i d e  o f  t h e  main r i v e r  c h a n n e l .  

On t h e  e a s t e r n  s i d e  o f  t h e  r i v e r  channe l ,  t h e  p i p e l i n e  r o u t e  i s  m a i n l y  on t h e  

f l o o d  p l a i n .  I t  c r o s s e s  channe l s  whose u n v e g e t a t e d  c o n d i t i o n  i n d i c a t e s  t h a t  

t h e y  a r e  s t i  11 t r a n s m i t t i n g  f l o o d w a t e r s ,  a l t h o u g h  t h e y  a r e  i n  p r o c e s s  o f  b e i n g  

abandoned as t h e  channe l  s h i f t s  w e s t e r l y .  A b r u p t  d i v e r s i o n  o f  t h e  ma in  channe l  

ac ross  t h i s  s u r f a c e  unde r  n a t u r a l  c o n d i t i o n s  i s  n o t  v e r y  p r o b a b l e ,  a l t h o u g h  

d i v e r s i o n  c o u l d  be p romo ted  by  t h e  t r e n c h  c o n s t r u c t e d  f o r  b u r i a l  o f  t h e  p i p e l i n e .  

Under such c i r c u m s t a n c e s ,  where  t h e  p i p e l i n e  t r e n c h  i s  i n  a p p r o x i m a t e  a1 i gnmen t  

w i t h  downstream f l o w  i n  t h e  m a i n  channe l ,  s p e c i  a1 c a r e  mus t  be  t a k e n  t o  a v o i d  

d i v e r s i o n  a l o n g  t h e  p i p e l i n e .  





Sagavanirktok River Crossing a t  lvishak River Confluence 

Approach of t h e  p i p e l i n e  r o u t e  t o  t h e  r i v e r  channel  i s  a c r o s s  a  s u r f a c e  we l l  
v e g e t a t e d  wi t h  A r c t i  c  w i  1  low and marked w i  t h  many abandoned c h a n n e l s ,  which a r e  
i n d i c a t e d  by dashed l i n e s  on t h e  map. Where examined a t  a  p o i n t  a long  t h e  
n o r t h  bank of t h e  c h a n n e l ,  t h i s  s u r f a c e  s t a n d s  abou t  5  f e e t  above t h e  r i v e r  and 
i s  u n d e r l a i n  by a  l a y e r  of o r g a n i c  s i l t  a b o u t  1  t o  2 f e e t  t h i c k .  The t u n d r a  mat 
of r o o t s  and mosses i s  we l l  e s t a b l i s h e d  i n  t h e  s i l t ,  and i s  u n d e r l a i n  by g r a v e l  
r a n g i n g  i n  s i z e  from p e b b l e s  t o  c o b b l e s .  I n  g e n e r a l ,  t h i s  s u r f a c e  can be 
r e g a r d e d  as t h e  f l o o d  p l a i n  of t h e  r i v e r .  The s o u t h e r n  ( l o w e r )  p a r t  of  i t  shows 
o n l y  s p a r s e  vege ta l  cove r  on t h e  e a r l i e r  pho tographs ,  which i n d i c a t e s  t h a t  i t  

was occupied  by a  main channel  o r  anabranch perhaps  w i t h i n  t h e  l a s t  50 y e a r s .  

D e s p i t e  t h e  r i g o r o u s  c l i m a t i c  c o n d i t i o n s  i n  which i t  o p e r a t e s ,  t h e  b e h a v i o r  of 
t h e  Sagavan i rk tok  appea r s  t o  be t y p i c a l  of b r a i d e d  r i v e r s  i n  lower  l a t i t u d e s .  
The channel  on one s i d e  of an i s l a n d  i s  g r a d u a l l y  abandoned and t h e  i s l a n d  i s  
t h u s  added t o  the  f l o o d  p l a i n .  

Along t h e  nor thwes te rn  ( u p p e r )  s i d e  of  t h e  map, t h e  r i v e r  channel  i s  bounded 
by a  t e r r a c e  t h a t  s t a n d s  12-15 f e e t  above t h e  r i v e r .  As s e e n  i n  c r o s s  s e c t i o n ,  
t h e  lower p a r t  of t h e  t e r r a c e  c o n s i s t s  of  s t r a t i f i e d  g rave l  and t h e  upper 6  f e e t  
c o n s i s t s  of s i l t ,  s a n d ,  and g r a v e l ,  capped by t u n d r a  mat. I e s t i m a t e  t h e  age of  
t h e  t e r r a c e  a t  s e v e r a l  thousand y e a r s ;  and i t  i s  s c a r c e l y  l i k e l y  t o  be f l o o d e d ,  
a l though  i t  i s  s u b j e c t  t o  l a t e r a l  e r o s i o n .  

The maximum amount of l a t e r a l  e r o s i o n  measured by t h e  p e r i o d  1949-69 i s  about  
150 f e e t  f o r  t h e  t e r r a c e  and abou t  250 f e e t  f o r  t h e  f l o o d  p l a i n .  In g e n e r a l ,  
t h e  e a r l i e r  r i v e r  c o u r s e  i s  no t  very d i f f e r e n t  from t h e  1969 c o u r s e .  
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